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INTRODUCTION 

The  science  and  art  of  lighting  depends  upon  the  ability  of  the  eye  to 
function  with  reasonable  efficiency  in  a  wide  range  of  conditions.  The  eye 
is  able  to  make  use  of  very  high  and  low  levels  of  light,  but  tnere  are 
certain  optimum  conditions  in  which  it  works  best,  and  one  aim  of  the 
lighting  research  is  to  find  out  exactly  what  are  these  optimum  conditions. 
The  aim  of  good  lighting  is  to  provide  them. 

The  eye  as  an  organ  of  sight  and  the  brain  as  an  organ  of  interpretation 
operate  together  in  the  determination  of  visual  performance  of  an  individual. 
The  measurement  of  visual  performance  requires  a  detailed  analysis  both  of 
the  process  of  sight  and  of  the  geometric  and  photometric  characteristics 
of  the  visual  field.  More  is  known  of  the  characteristics  of  the  eye  as  an 
optical  instrument  than  of  the  characteristics  of  the  brain  as  an 
interpretive  mechanism.  Consequently  much  of  the  analysis  which  goes  into 
the  determination  of  visual  performance  is  concerned  with  the  optics  of 
the  situation  rather  than  with  its  interpretation. 

The  quantity  and  quality  of  lighting  depends  on  the  following  four 
requirements;  visual  performance,  comfort,  pleasantness,  economy.  Measurable 
relationships  have  been  found  between  quantity  of  illumination  and  performance 
of  a  task.  But  different  tasks  need  different  levels  of  illumination  for 
maximum  performance.  Visual  performance  may  be  measured  in  an  entirely 
objective  manner.  Performance  may  be  defined  meaningfully  in  terms  of  such 
variables  as  speed  and  accuracy.  It  is  straight-forward  to  measure  the 
speed  and  accuracy  of  visual  performance  as  a  function  of  quantity  of 
illumination.  Such  measurements  could  presumably  be  made  for  eyery   visual 


task  of  practical  interest.  It  is  quite  important  that  lighting  installations 
must  satisfy  the  criterion  of  visual  comfort.  Visual  comfort  occurs  when  there 
are  no  overly  high  luminances  or  contrasts  within  the  worker's  visual  field. 
Visual  comfort  is  usually  evaluated  subjectively.  Economy,  requires  that 
the  standards  of  lighting  should  not  be  more  than  required  so  that  lighting 
costs  are  kept  to  the  minimum  and  energy  is  not  wasted.  Taking  for  granted 
that  all  the  requirements  for  a  good  lighting  environment,  like  visual  per- 
formance, comfort  and  economy,  are  met,  the  modern  interior  lighting  designer 
is  much  concerned  about  the  aesthetics  of  the  lighted  space. 

General  Lighting  Aesthetics 

The  basic  purpose  of  lighting  is  nominally  considered  to  be  that 
of  enabling  people  to  see,  however,  its  function  is  actually  much  broader 
in  scope.  Lighting  is  a  dominant  factor  in  environmental  design.  It  affects 
the  usefulness  and  enjoyment  of  a  building  interior  and  is  often  an  in- 
separable part  of  the  architectural  concept. 

Thus  the  art  and  science  of  modern  interior  lighting  is  broad  in  scope 
and  involves  many  factors.  Some  of  these  relate  to  light  and  vision  and  the 
visual  response  of  the  eye  under  varying  light  and  environmental  conditions. 
Others  relate  to  the  production,  control,  and  distribution  of  light.  Still 
others  relate  to  the  enclosure  itself,  or  building  structure,  including  size, 
shape,  color,  and  related  decorative  considerations. 

The  problem  for  the  lighting  engineer  and  architect  today  is  no  longer 
that  which  faced  the  lighting  designer  some  years  ago,  when  the  provision 
of  enough  light  for  seeing  was  the  main  issue.  Now  "enough  light"  is  taken 


for  granted,  and  it  is  "what  to  do  with  it"  that  is  of  prime  importance. 
The  increase  of  illumination  levels  has  produced  its  own  problems,  both 
from  the  point  of  view  of  physical  comfort  and  emotional  well-being.     It 
is  important  that  the  psychological  values  of  the  artificially  lit  en- 
vironment are  understood  so  that  light  may  be  employed  usefully  to  achieve 
the  character  most  appropriate  to  the  use  of  the  building.     That  is  to  say 
considerable  attention  has  to  be  paid  to  the  quality  in  addition  to  the 
quantity  of  lighting. 

Quality  of  lighting  is  a  term  used  to  describe  all   the  factors  in  a 
lighting  installation  not  directly  concerned  with  quantity  of  illumination. 
Certainly  it  is  obvious  that  if  a  given  room  is  alternately  lighted  with  a 
bare  bulb  and  with  a  luminous  ceiling,  both  giving  the  same  average  quantity 
of  illumination,  there  is  a  vast  difference  in  the  two  lighting  systems. 
This  difference  is  in  the  quality  of  the  lighting,  a  term  which  describes 
the  luminous  ratios,  diffusion,  uniformity,  and  chroma ti city  of  the  lighting. 

The  term  aesthetics  of  a  lighting  environment  is  concerned  with  its 
quality  rather  than  the  quantity  of  illumination.     Aesthetics  of  a  lighted 
space  is  a  complex  phenomenon  to  explain  as  it  is  a  combined  effect  of 
various  things  that  describe  the  quality  of  lighting.     Its  measurement  is 
highly  subjective. 

Quite  a  few  attempts  have  been  made  to  measure  the  meaning, in 
different  situations.     The  development  of  the  semantic  differential  as 
a  general  method  of  measuring  meaning  by  Osgood  (1957),  has  proved  to  be  a 
successful   approach.     A  few  studies  have  been  attempted  by  some  researchers, 
to  make  use  of  the  semantic  differential   techniques  to  measure  meaning  of 


different  real   lighting  environments.     Due  to  high  cost  and  lack  of  flexi- 
bility involved  in  using  real  environments,  simulations  rather  than  the  real 
environments  were  tried  successfully  by  a  few  researchers  in  lighting  studies. 
So,  in  recent  years,  a  few  studies  were  attempted  using  scale  models  and 
slides  in  lighting  research.  . 

The  main  object  of  the  present  study  is  to  find  out  people's  subjective 
reactions  to  a  space,  in  particular  the  aesthetic  pleasantness  of  certain 
lighting  variations  using  a  scale  model   for  different  situations  under 
particular  lighting  conditions.     Aesthetic  pleasantness  is  multi-dimensional. 
The  semantic  differential   technique  can  be  used  to  measure  meaning  multi- 
dimensionally. 

Semantic  Differential  Technique 

Canter  (1968),  has  stated  that  "...  words  are  of  interest  because  they 
are  frequently  predictions  of  actions.     To  say  one  hates  a  place  is  often 
a  precursorto  his/her  leaving  it.     Another  way  of  expressing  this   is  that  words 
take  less  force  to  trigger  off  than  actions  and  thus  are  more  sensitive 
indicators  of  the  situation  ...     They  give  insight  into  what  is  going  on 
inside  people."     The  semantic  differential  and  other  semantic  scaling  devices 
appear  to  offer  possibilities  in  measuring  people's  reactions  quantitatively 
in  an  environment,  because  they  correspond  to  the  verbal  mode  by  which  the 
people  express  their  thoughts,  feelings,  attitudes  etc. 

The  semantic  differential   technique,as  a  general  method  of  measuring 
meaning,  consists  of  using  sets  of  pairs  of  words  that  represent  the  meaning 
of  a  particular  concept  expressed  on  linear  scales.     Each  pair  of  words  that 


are  opposite  in  meaning  to  each  other  correspond  to  a  linear  scale  and 
represent  the  extreme  ends  of  the  scale  as  shown  in  Figure  1.  The  scale  is 
conveniently  divided  into  a  few  segments  that  will  be  assigned  numerical 
values  in  ascending  or  descending  order.  This  facilitates  measuring  the 
subjective  responses  quantitatively. 

The  semantic  differential  can  be  employed,  a)  to  discover  relationships 
between  the  form  of  the  physical  environment  and  those  who  occupy  it,  and 
b)  to  provide  a  basis  for  understanding  the  WHY  of  the  relationship.  Then 
one  should  account  for  those  attributes  of  the  physical  environment  which  \ 
"moves  him",  which  causes  his  heart  to  palpitate,  his  head  to  spin,  his 
spirits  to  set  sail  or  conversely  to  make  him  calm,  sulky,  hateful  or 
fearful.  Also  one  should  account  for  tnose  attributes  which  affect  how  one 
acts;  where  he  goes,  how  directly,  at  what  speed,  to  whom  he  speaks,  etc. 

One  should  seek  on  one  hand  a  set  of  semantic  scales  which  represent 
all  meaningful  aspects  of  the  physical  environment.  On  the  other,  a  set 
of  semantic  scales  which  describe  potential  human  responses  to  the  attributes 
of  the  physical  environment  described  by  the  first  set,  are  needed.  Hershberger 
(1972),  says  that  considering  together  the  above  two  sets  of  scales,  the 
architect  can  discover  what  he  needs  to  know  about  how  a  specific  group  of 
users  will  respond  to  his  buildings;  if  the  users  will  "like"  his  buildings, 
if  they  will  consider  it  comfortable  and  pleasant,  if  they  will  behave 
appropriately  --  with  reverence,  indifference,  or  whatever. 

Specifically,  then,  one  should  characterize  the  set(s)  of  semantic 
scales  used  to  describe  the  physical  environment  and  the  responses  to  it. 


unpleasant   1    2    3    4    5    6    7   pleasant 

The  1  to  7  scale  is  defined  as: 

1 .  Very   unpleasant 

2.  Moderately  unpleasant 

3.  Slightly  unpleasant 

4.  Neutral 

5.  Slightly  pleasant 

6.  Moderately  pleasant 

7.  \lery  Pleasant 


Figure  1.  A  semantic  scale 


First  the  limitations  of  the  semantic  differential  and  similar 
adjectival  descriptions  should  be  recognized.  The  adjectives  should  not  be 
too  specific.  The  variations  in  the  environment  are  infinite  --  and  hence 
impossible  to  describe  completely. 

The  semantic  differential  technique  is  a  generalized  technique  in  the 
measurement  of  meaning.  So,  there  are  no  standard  concepts  and  no  standard 
scales.  Rather,  the  concepts  and  scales  used  in  a  particular  study  depend 
upon  the  purposes  of  the  research.  The  semantic  differential  yields 
quantitative  data  which  are  verifiable,  in  the  sense  that  other  investigators 
can  apply  the  same  sets  of  scales  to  equivalent  subjects  and  essentially 
obtain  the  same  results. 

The  development  of  semantic  differential  involves,  a)  the  use  of  factor 
analysis  to  determine  the  number  and  nature  of  factors  entering  into  semantic 
description  and  judgment,  and  (b)  the  selection  of  a  set  of  specific  scales 
corresponding  to  these  factors  which  can  be  standardized  as  a  measure  of 
meaning. 

The  purpose  of  the  factor  analysis  is  to  isolate  a  limited  number  of 
general  dimensions  of  meaning  having  a  maximal  differentiating  power,  to 
try  to  bring  some  order  out  of  semantic  chaos.  The  nature  and  number  of 
factors  obtained  in  any  analysis  is  limited  by  the  sources  of  variability 
in  the  original  data.  In  other  words  the  effectiveness  of  a  factor  analysis 
can  be  assessed  by  the  proportion  of  the  total  variance  of  the  data  that  is 
accounted  for  by  the  factors  extracted. 

Substantial  research  in  the  use  of  semantic  differential  techniques  for 
the  measurement  of  meaning  in  the  architectural  environments,  has  been 
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accomplished  by  Vielhauer  (1965),  Canter  (1968),  Craik  (1968),  Collins 
(1969),  Brittell   (1969),  and  Hershberger  (1972).     Most  of  these  studies 
were  reviewed  by  Collins  and  Sea ton  (1972).     As  a  result  of  the  above 
studies,  five  dimensions  of  architectural  meaning  emerged,  namely,  1)  aesthetic 
evaluation,  2)  physical  organization,  3)  space  or  size,  4)  friendliness,  and 
5)  potency. 

Subjective  Reactions  to  Lighting  and  their  Measurement 

Gibson, (1971 )  argues  a  theory  of  visual   perception  based  on  the  idea 
that  light  can  convey  information,  and  that  the  brain  constructs  the 
phenominal  world  from  this  information.     Gibson  suggests  tnat  this  idea  "de- 
pends on  a  new  conception  of  light  in  termsof  an  array  at  a  point  of  obser- 
vation —  lignt  considered  not  merely  as  a  stimulus  but  also  as  a  structure." 
This  suggests  that  as  the  designer  changes  lighting  modes,  he  changes  the 
composition  and  relative  strength  of  visual  signals  and  cues;  and  this  alters 
some  impressions  of  meaning  for  the  typical   room  occupant  or  user. 

A  recent  study  (Flynn,  Spencer,  Martyniuk  and  Hendrick,   1973),   reports 
findings  concerning  the  effect  of  environmental   lighting  as  a  medium  that 
affects  user  impressions  and  behavior.     They  suggest  that  light  can  be  a 
vehicle  that  facilitates  the  selective  process  and  alters  the  information 
content  of  the  visual  field.     The  researchers  made  use  of  a  room  at  General 
Electric's  Lighting  Institute  at  Nela  Park  near  Cleveland,  Ohio,   that  has 
a  number  of  alternative  lighting  arrangements.     Judgments  on  semantic 
differential  rating  scales  were  obtained  for  each  of  six  different  lighting 
arrangements   (1)  low  intensity  overhead  down-lighting,  2)   peripheral 


lighting  (all  walls),  3)  low  setting  overhead  diffuse  lighting,  4)  combin- 
ation: overhead  downlighting   (1)  +  end  walls,   5)  high  setting  overhead 
diffuse  lighting,  and  6)  combination:  overhead  downlighting  (1)  +  peripheral 
(2)  +  overhead  diffuse  (3))   in  a  medium  sized  conference  room.     Ratings 
were  analyzed  from  12  groups  with  a  total  of  96  subjects  in  groups  of 
eight.     All   the  subjects  were  adults  and  their  age  and  educational  backgrounds 
were  mixed. 

For  each  group,   initial   ratings  of  the  room  were  obtained  for  the 
lighting  arrangement  that  was  in  effect  when  the  subjects  first  entered  tne 
room.     Each  of  the  six  lighting  arrangements  was  in  effect  for  two  of  the 
12  groups  as  they  first  entered.     Subjects  were  asked  to  judge  the  room  with 
respect  to  all  of  its  characteristics.     Thus  any  significant  differences  in 
the  ratings  between  the  groups  was  taken  as  the  differential   effect  of  lighting 
variations  on  the  overall   impressions  of  the  physical   space. 

The  principal   factors  to  emerge  from  Flynn's  study  were  called  "evaluative", 
"perceptual   clarity"  and  "spaciousness".     The  best  (high  evaluation)   lighting 
system  was  a  combination  of  down-lights  plus  diffuse  overhead  plus  peripheral 
(wall)   lighting.     This  verifies  that  light  should  come  from  more  than  one 
direction.     The  peripheral   clarity  factor  was  largely  dependent  upon  the 
amount  of  illumination.     Spaciousness  resulted  from  peripheral   rather  than 
overhead  lighting. 

A  few  more  researchers,   Rodman   (1970),  Howard,  Mlynarski,   and  Sauer 
(1972),  Lemons     and  Macleod   (1972),   and  Lemons     and  Cole  (1977),   tn'ed  to 
find  the  subjective  reactions  to  different  lighting  environments   in  different 
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living  spaces.  But  all  of  these  studies  were  made  in  simulated  rather  than 
the  real  environments.  The  researchers  claim  that  the  simulated  environ- 
ments can  be  successfully  used  in  place  of  real  environment  to  measure  the 
subjective  reactions. 

Scale  Model  Techniques 

There  are  many  advantages  in  studying  simulated  rather  than  real 
environments.  The  architect  may  represent  his  architecture  by  drawings, 
models,  or  slides  of  models,  and  measure  people's  responses  to  them  before 
the  buildings  are  actually  constructed.  It  seems  reasonable  to  assume 
that  many  architectural  disasters  could  have  been  avoided  if  the  reactions 
of  their  occupants  or  observers  had  been  accurately  measured  beforehand. 

The  disadvantage  in  using  simulations  is  that  subjects  may  not  respond 
to  them  as  they  would  to  the  actual  environments.  Although  the  pattern  of 
behavior  elicited  by  simulation  is  interesting  in  its  own  right,  it  may  tell 
little  about  the  subjects  responses  when  confronted  with  the  actual  building, 
room,  or  landscape. 

Given  advantages  of  using  simulations,  it  becomes  increasingly  important 
that  one  can  have  objective  data  comparing  responses  to  environments  repre- 
sented in  various  ways,  so  that  both  the  architect  and  the  researcher  may 
make  rational  decisions  about  this  method  of  stimulus  presentation. 

The  aesthetics  of  a  lighted  space  is  one  of  the  main  considerations 
of  lighting  design.  The  engineer  may  use  all  the  technical  material  available 
to  him  and  yet  be  unable  to  create  an  environment  that  is  aesthetically 
pleasing.  The  interior  designer  may  provide  the  correct  combination  of 
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surface  finishes  and  textures  and  elegant  finishings,  but  produce  an  im- 
properly illuminated  environment.  A  marriage  of  these  skills  is  therefore 
needed  to  create  environments  that  are  pleasing  to  the  inhabitants. 

A  successful  simulation  device  can  be  the  means  by  which  the  full 
nature  of  the  final  solution  is  identified  and  accepted.  From  this  solution 
an  architect  can  draw  the  information  necessary  to  put  together  the  forms 
and  shapes,  and  the  lighting  engineer  can  obtain  information  to  construct 
a  lighting  system  which  will  produce  a  particular  kind  of  luminous  environ- 
ment. So,  various  researchers  made  attempts  to  arrive  at  a  more  sophisticated 
design  and  evaluation  technique  which  should  have  meaning  both  to  architects 
and  lighting  engineers. 

Rodman  (1970),  proposed  a  technique  which  gives  a  good  simulation  of 
full-scale  reality,  yet  maintains  a  wide  freedom  and  facility  for  experi- 
mentation. In  essence,  it  consists  of  the  use  of  a  special  kind  of  variable 
model,  the  recording  of  model  variaton  "sketch  studies"  in  slide  form,  and 
the  comparison  and  evaluation  of  these  studies  are  slides  projected  to  scale 
which  may  approach  full  size.  The  researcher  suggests  that  one  of  the  most 
important  uses  of  this  technique  may  be  that  of  a  communication  device,  or 
middle  ground  for  architects,  lighting  designers,  and  their  clients  and 
also  it  would  reduce  many  of  the  stresses  and  costly  misunderstandings  and 
make  the  design  a  cooperative  and  creative  joint  effort. 

Howard,  Mlynarski,  and  Sauer,  (1972),  used  slides  as  the  simulation  of 
real  environments  and  collected  data  on  people's  responses  to  them.  In 
this  attempt,  they  claim  that  although  the  effective  responses  to  the  real 
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and  simulated  environments  are  not  the  same,  the  differences  are  consistant 
enough  to  make  several  practical  suggestions  about  the  future  use  of  slides 
as  a  method  of  simulating  environments. 

Lemons,  and  Macleod,  (1972),  suggest  that  basic  environments  can  be 
created,  varied  and  evaluated  at  low  cost  in  scale  models  and  also  various 
illumination  systems  can  be  introduced  into  the  environment.  In  this  study 
the  researchers  used  a  scale  model  to  arrive  at  the  quality  evaluation  of 
a  lighting  system  design  prior  to  actually  constructing  the  real  environment. 
From  the  research,  it  was  found  that  the  quality  of  lighting  within  an  en- 
vironment is  more  dependent  upon  luminance  ratios  than  quantity  (horizontal 
footcandles).  The  luminance  ratios  are  dependent  upon  the  brightness  of 
the  luminai res,  ceiling,  walls  and  floor. 

Lemons,  and  Macleod,  (1975)  tried  to  demonstrate  the  concept  of  the 
levels  of  equivalent  sphere  illumination  (esi)  for  some  tasks,  in  place  of 
standard  footcandle  levels  to  specify  the  lighting  system  quality.  Based 
on  the  previous  success  of  model  studies,  scale  models  were  used  here  to 
demonstrate  esi  concepts  and  thereby  system  performance  differences.  The 
researchers  claim  that  models  can  help  a  complex  subject  become  more  readily 
understood. 

Lemons,  and  Cole  (1977),  also  used  scale  models  to  investigate  the  problem 
and  potential  solution  to  the  lighting  of  open  office  systems. 

Incandescent  Vs  Fluorescent  Lighting 

Kruithof  (1941),  confirmed  experimentally  the  phenomenon  that  at  low 

levels  of  illumination,  most  people  prefer  a  "warm"  light,  whereas  at  hign 

levels  of  illumination,  a  "cold"  light  is  preferred.  It  is  widely  believed 
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that  this  is  because  the  people  are  used  to  high  levels  of  illumination 
from  the  natural  daylight,  whereas  in  the  interior  of  homes  long  experience 
with  warm  light  from  the  fire  or  from  incandescent  lighting  sources  such 
as  candle  light  or  incandescent  filament  light,  is  related  in  their  minds 
with  low  levels  of  illumination. 

Historically,  fluorescent  home  lighting  has  been  used  for  the  workshop. 
So,  when  someone  thinks  of  fluorescent,  he  thinks  of  lighting  that's  commercial 
in  appearance.  For  that  reason,  in  homes,  fluorescent  lighting  has  been 
fairly  accepted  in  utility  areas  such  as  kitchens,  garages,  laundry  rooms, 
etc.,  whereas  incandescent  lighting  has  been  well  accepted  in  non-utility 
areas  such  as  living  rooms  and  dining  rooms,  in  places  intended  for  relaxation 
or  social  activity.  The  preference  of  incandescent  lighting  in  non-utility 
areas  is  certainly  related, so  far  as  this  country  and  others  with  similar 
cultures  are  concerned,  to  the  long  tradition  which  shows  itself  in  the 
pleasure  of  dining  by  candle  light  or  talking  to  friends  by  the  light  of 
an  open  fire. 

Generally,  in  commercial  spaces,  like  workshops,  class  rooms,  merchan- 
dise handling  places  uniformly  distributed  fluorescent  lighting  is  used. 
That  is  because  of  tne  fact  that  emphasis  is  given  to  the  quantity  and 
economy  rather  than  the  aesthetics  of  illumination  in  the  spaces.  But  in 
other  commercial  spaces  like  restaurants,  show  rooms,  where  lighting  aesthetics 
is  of  much  concern,  non-uniformly  distributed  incandescent  lighting  is  used. 
So,  it  would  seem  that  the  use  of  a  light  source  and  the  distribution  of  its 
light  in  a  space  mainly  depends  upon  the  activity  (task)  in  that  space. 
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PROBLEM 

Research  has  been  carried  out  in  providing  the  proper  illumination  levels, 
light  sources,  uniformity  of  illumination  and  types  of  luminaires  for  different 
situations.  Most  of  the  research  was  done  in  real  environments.  The  purpose 
of  the  present  study  is  to  carry  out  similar  research  using  scale  models  on  one 
particular  aspect  of  the  aesthetics  of  lighting,  namely  the  differences  between 
fluorescent  and  incandescent  lighting. 

Considering  previous  research  work  and  experience  in  the  field  of  lighting 
and  its  aesthetics,  the  following  hypotheses  were  made  for  the  low  illumin- 
ation level  chosen  for  the  present  study: 

1.  In  both  "relaxation"  and  "commercial"  situations  (living  room 
and  waiting  room),  circular  shaped,  non-uniform  ceiling  luminaire 
pattern  with  an  incandescent  light  source  would  be  judged  more 
pleasant. 

2.  Both  tne  rooms  would  be  judged  more  clear  under  fluorescent 
light  source  with  rectangular  shaped  uniform  ceiling  luminaire 
pattern. 

3.  Rectangular  luminaire  patterns  under  fluorescent  light  source 
for  waiting  room  and  circular  luminaire  patterns  under  incan- 
descent light  source  for  living  room  would  be  preferred  signifi- 
cantly. 
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METHOD 

In  this  study  two  scale  models  of  a  room,  each  20"  x  12"  x  3"  were 
made  (see  Figure  2)  to  the  scale  of  one  inch  equals  to  one  foot.  One  of 
the  scale  models  was  used  under  an  incandescent  lighting  system  (see 
Figure  3),  and  the  other  was  used  under  fluorescent  lighting  system  (see 
Figure  4)  of  equal  average  illumination  (28  fc).  Under  each  lighting 
system,  subjects  were  asked  to  observe  two  ceiling  light  patterns  (uniform 
and  non-uniform),  with  two  kinds  of  luminaire  shapes  (rectangular  and 
circular).  Subjective  evaluations  on  lighting  quality  were  made  by  the 
subjects  on  eleven  semantic  differential  scales  for  each  lighting  condition. 
Nine  semantic  differential  scales  were  taken  from  the  Flynn's  study  and 
the  other  two  "warm-cool"  and  "cloudy-sunny"  were  included  to  make  the  set 
of  eleven  semantic  scales. 

Tasks 


Sixteen  situations  were  cnosen  for  this  study.     They  consisted  of 
four  ceiling  luminaire  patterns  (rectangular  shaped  uniform  and  non-uniform 
and  circular  shaped  uniform  and  non-uniform),  under  two  different  light 
sources  (fluorescentand  incandescent),  for  two  types  of  rooms  (living  room 
and  waiting  room).     These  are  shown  in  Figure  5.     Rectangular  and  circular 
shaped,  uniform  and  non-uniform  ceiling  luminaire  patterns  were  chosen 
because  of  their  common  usage  for  fluorescent  and  incandescent  recessed 
lights  respectively.     Also  the  fluorescent  and  incandescent  light  sources 
were  selected  for  this  study,  because  they  were  the  most  commonly  used  light 
sources.     Till  now  lots  of  studies  were  made  in  the  area  of  lighting  aesthetics 


I  0 


8" 


20" 


Figure  2.  Overall  dimensions  of  the  scale  model 
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Cross  sectional  front  view  of  incandescent 
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Firure  3.  Scale  model  under  Incandescent  light  source 
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Figure  4.  Scale  model  under  fluorescent  light  source 
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TYPE  OF  ROOM 


TYPE  OF  SOURCE 


FLUORESCENT 


LIVING  ROOM 


INCANDESCENT 


FLUORESCENT 


WAITING  ROOM 


INCANDESCENT 


TYPE  OF  LUMIMAIRE  PATTERN 

RECTANGULAR  UNIFORM  1 

RECTANGULAR  NONUNIFORM  2 

CIRCULAR  UNIFORM  3 

CIRCULAR  NONUNIFORM  4 

RECTANGULAR  UNIFORM  5 

RECTANGULAR  NONUNIFORM  6 

CIRCULAR  UNIFORM  7 

CIRCULAR  NONUNIFORM  8 

RECTANGULAR  UNIFORM  9 

RECTANGULAR  NONUNIFORM  10 

CIRCULAR  UNIFORM  11 

CIRCULAR  NONUNIFORM  12 

RECTANGULAR  UNIFORM  13 

RECTANGULAR  NONUNIFORM  14 

CIRCULAR  UNIFORM  15 

CIRCULAR  NONUNIFORM  16 


Figure  5.     Situations 
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pertaining  to  public  places  like  classrooms,  conference  rooms,  waiting 
rooms,  etc.  But  very  little  was  done  in  finding  the  lighting  aesthetics 
of  private  rooms  like  living  rooms.  So,  in  the  present  study,  both  the 
waiting  room  (public  place)  and  the  living  room  (private  place  )  situations 
were  chosen  to  find  out  the  difference  in  the  preferences  of  the  two  sit- 
uations under  different  lighting  conditions. 

Each  subject  was  shown  four  conditions  (ceiling  luminaire  patterns, 
see  Figure  6),  for  one  of  the  two  room  types  and  one  of  the  two  types  of 
light  source.  This  reduced  the  possibility  of  effects  of  pre-conceptions 
about  different  room  types  and  light  sources  by  the  subjects.  Thus  each 
subject  judged  the  room  with  respect  to  the  overall  impression  made  by  its 
physical  space,  only  under  different  ceiling  light  arrangements.  In  this 
experiment,  the  situations  are  the  independent  variables,  and  the  subjective 
responses  (semantic  differential  scales)  are  the  dependent  variables. 

After  the  subject  was  shown  each  setting  for  a  brief  period  of  time, 
he  (she)  was  asked  to  evaluate  it  in  a  booklet  having  the  semantic  scales 
(see  Figure  7 ). 

Experimental  Design 

For  this  experiment,  sixty  students  from  different  disciplines  of 
science  and  engineering  of  Kansas  State  University,  Manhattan,  Kansas, 
participated  as  subjects.  They  were  both  males  and  females  of  different 
ages  (mostly  between  20  and  30  years)  and  educational  backgrounds.  The 
experimenter  contacted  the  subjects  personally,  explained  the  study  and 
requested  their  participation.  The  recruitment  of  the  subjects  in  this 
study  was  made  purely  on  voluntary  basis. 
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Figure  6.  Ceiling  luminaire  patterns 
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Figure  7  .  Grading  sheet 
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For  one  of  the  two  room  types  and  one  of  the  two  types  of  light 
source,  the  four  ceiling  luminaire  patterns  were  assigned  at  random,  to 
each  subject.  The  room  type  and  light  source  were  also  assigned  randomly 
to  the  subject.  Furniture  arrangements  (see  Figure  8),  wall  hangings  (see 
Figures  3  and  4),  and  the  average  foot  candle  level  (28  fc),  in  the  scale 
models  were  kept  unchanged  throughout  the  experiment.  The  28  fc  level 
chosen  for  this  study  was  a  constraint  of  the  experimental  setup.  But 
it  is  well  within  the  range  of  foot  candle  levels  normally  used  in  typical 
living  and  waiting  room  situations.  The  foot  candle  level  was  maintained 
the  same  in  all  sixteen  lighting  conditions. 

Before  tne  starting  of  the  experiment,  each  subject  was  given 
an  informed  consent  and  instruction  sheet  (Living  room  or  waiting  room). 
The  informed  consent  and  instruction  sheets  were  prepared  as  shown  in 
Figure  9  and  Figure  10.  When  the  subject  was  ready  for  the  experiment, 
his/her  signature  was  taken  on  an  informed  consent  statement  form  as 
shown  in  Figure  11.  The  subject  was  then  given  a  booklet  consisting  of 
four  sheets,  each  having  eleven  semantic  scales  as  shown  in  Figure  7  . 
Then  the  subject  was  shown  the  lighting  conditions  briefly  one  after  the 
other.  After  the  subject  was  exposed  to  each  condition  for  a  brief  period 
of  time,  he/she  was  asked  to  evaluate  it  in  the  booklet.  Each  subject 
spent  approximately  fifteen  minutes  in  this  experiment. 


24 


s  - 

Sofa 

c  - 

Chair 

p  - 

Flower  pot 

T  - 

Coffee  table 

TV  - 

Television 

Figure  8.  Furniture  layout  in  the  model 
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INFORMED  CONSENT  AND   INSTRUCTIONS 
LIVING  ROOM 

This  experiment  is  designed  to  study  "THE  LIGHTING  AESTHETICS  USING 
SCALE  MODELS". 

Your  task  will  be  very  simple.     You  will  be  asked  to  sit  down  in  front 
of  a  scale  model  of  a  LIVING  ROOM,  lit  by  a  particular  kind  of  lighting. 
You  will  be  shown  this  condition  briefly.     Then  you  will  judge  the  lighting 
in  a  booklet.     Altogether  you  will   be  exposed  to  four  light  settings  and 
make  judgments  in  each  case.     For  example,   if  you  feel   that  a  particular 
light  setting  is  very  pleasant,  very  friendly  and  is  average  in  beauty, 
circle  the  number  close  to  your  judgment  on  the  sheet,  as  shown  below 

average 
unpleasant       1  2  3  4  5        6        Q     pleasant 

unfriendly       12  3  4  5        6       Q     friendly 

ugly       1  2  3         @        5         6  7       beautiful 

There  will   be  no  risk  in  this  experiment.     However,  you  are  free  to 
stop  your  participation  at  any  time.     Naturally,   I  would  prefer  that  you 
continue  until   the  end  so  that  I  can  get  all   the  data.     If  you  have  any 
questions,   now  or  later,   feel   free  to  ask. 

Now,  if  you  are  ready  for  the  experiment,  please  sign  the  informed 
consent  statement  form  given  by  the  experimenter. 

If  you  have  any  comments  about  the  procedure  and  experiment,  please 
feel  free  to  write  them  at  the  end  of  the  experiment  in  the  space  provided 
in  the  booklet. 

Thanks  for  your  cooperation. 

Figure  9-      Instructions 
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INFORMED  CONSENT  AND  INSTURCTIONS 
WAITING  ROOM 

This  experiment  is  designed  to  study  "THE  LIGHTING  AESTHETICS  USING 
SCALE  MODELS". 

Your  task  will  be  very  simple.     You  will  be  asked  to  sit  down  in  front 
of  a  scale  model   of  a  WAITING  ROOM,  lit  by  a  particular  kind  of  lighting. 
You  will   be  shown  this  condition  briefly.     Then  you  will  judge  the  lighting 
in  a  booklet.     Altogether  you  will   be  exposed  to  four  light  settings  and 
make  judgments  in  each  case.     For  example,   if  you  feel   that  a  particular 
light  setting  is  very  pleasant,  very  friendly  and  is  average  in  beauty, 
circle  the  number  close  to  your  judgment  on  the  sheet,  as  shown  below 

average 
unpleasant       1  2  3  4  5  6        Q     pleasant 

unfriendly       1  2  3  4  5  6        (7)     friendly 

ugly       12  3         0         5  6  7       beautiful 

There  will   be  no  risk  in  this  experiment.     However,  you  are  free  to 
stop  your  participation  at  any  time.     Naturally,   I  would  prefer  that  you 
continue  until   the  end  so  that  I  can  get  all   the  data.     If  you  have  any 
questions,  now  or  later,   feel   free  to  ask. 

Now,   if  you  are  ready  for  the  experiment,  please  sign  the  informed 
consent  statement  form  given  by  the  experimenter. 

If  you  have  any  comments  about  the  procedure  and  experiment,  please 
feel   free  to  write  them  at  the  end  of  the  experiment  in  the  space  provided 
in  the  booklet. 

Thanks  for  your  cooperation. 

Figure  10.    Instructions 
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INFORMED  CONSENT  STATEMENT 

Having  read  the  informed  consent,  I  hereby  freely  agree  to  be  a 
subject  in  the  research  entitled  "THE  LIGHTING  AESTHETIC  STUDY  USING 
SCALE  MODELS". 

S.  NO.         SIGNATURE       AGE  (yrs)     SEX:  (M/F)     DATE 


Figure  11.  Informed  consent  form 
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RESULTS 

The  data  obtained  in  this  experiment  was  collected  in  four  sets.  The 
first  two  sets  were  collected  for  a  living  room  situation,  under  fluore- 
scent and  incandescent  light  sources.  The  third  and  fourth  sets  were 
collected  for  a  waiting  room  situation,  under  fluorescent  and  incandescent 
light  sources.  The  ratings  of  the  60  subjects  and  the  corresponding  four 
significant  factors,  for  each  living  environment  condition  are  shown  in 
Appendix  I  .  The  correlations  among  the  eleven  semantic  scales  for  all 
240  observations  are  shown  in  Table  1. 

The  subjective  ratings  were  factor  analyzed  using  the  statistical 
analysis  system  computer  program  (User's  guide  to  SAS  76,  North  Carolina, 
SAS  Institute  Inc.,  1976)  to  find  areas  of  relationships  in  the  use  of 
semantic  scales.  This  factor  analysis  resulted  in  identification  of  four 
factors  or  "categories  of  impression".  The  factor  pattern  of  these  factors 
are  shown  in  Table  2.  The  factors  and  the  highest  factor  loadings  (above 
0.56),  are  shown  in  Table  3. 

In  the  next  part  of  the  analysis,  tests  were  made  for  homogeneity 
within  covariance  matrices  of  the  factors.  This  is  shown  in  Table  4. 
From  this  analysis  it  was  found  that  there  was  heterogenity  within  the 
covariance  matrices.  Therefore  multivariate  analysis  of  variance  could 
not  be  done  for  the  factors.  Thus  only,  univariate  analyses  of  variance 
were  done  by  considering  each  factor  separately. 

These  analyses  of  variance  were  conducted  to  find  the  significant 
differences  among  the  room  types,  and  the  light  sources  and  their  interactions 
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TABLE  3 

Factors  and  the  Factor  Loadings 

Factor  1  -  CLARITY 

Loadings 
Hazy Clear         0.84 

Dim - Bright        0.83 

Cloudy  Sunny        0.79 

Vague Distinct      0.71 

Factor  2  -  EVALUATION 

Tense  - Relaxed       0.87 

Uninteresting  Interesting    0.69 

Unpleasant  - Pleasant      0.62 

Factor  3  -  SPACIOUSNESS 

Short  Long         0.70 

Small  - - Large         0.56 

Factor  4  -  COLOR 
Warm  - Cool  0.90 
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The  results  of  these  analyses  are  shown  in  Tables  5,  6,  7  and  8.  Duncan's 
multiple  range  test  was  also  conducted  for  the  above  analyses  and  the 
results  are  shown  in. Tables  9,  10,  11  and  12  for  room  types  and  Tables 
13,  14,  15  and  16  for  source  types,  respectively.  Another  analysis  of  vari- 
ance was  carried  out  for  each  factor,  to  find  the  significant  differences 
among  the  ceiling  luminaire  patterns,  and  the  interactions  between  the 
luminal* re  patterns,  the  room  types  and  the  light  source  types.  The  results 
of  these  analyses  are  shown  in  Table  17,  18,  19  and  20.  Then  the  Duncan's 
multiple  range  test  was  conducted  for  the  above  analyses  and  the  results 
of  these  tests  are  shown  in  Tables  21,  22,  23,  and  24.  A  two  tail  t  test 
was  carried  out  for  the  shapes  and  distribution  of  the  luminaire  patterns, 
for  all  the  four  factors  separately  and  the  results  are  shown  in  Tables 
25,  26,  27  and  28. 

All  statistical  tests  were  made  at  0.05  significant  level.  A  guide 
to  the  various  symbols  in  the  analyses  is  given  in  Appendix  II. 
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DISCUSSION 
Factors 


As  a  result  of  the  factor  analysis  of  the  raw  data,  four  factors 
emerged.  These  factors  are: 


,+r  dr 


Clarity.     Under  a  particular  lighting  condition,  if  people  rank  it 
high,  as  clear,   bright,  sunny  and  distinct,  means  that  high  clarity  is 
achieved.     In  this  clarity  factor,  four  semantic  scales  "hazy-clear", 
"dim-bright",  "vague-distinct",  and  "cloudy-sunny"  have  substantial 
loadings.     Out  of  the  four  semantic  scales,  the  first  three  were  taken 
from  Flynn's  study  to  measure  perceptual  clarity.     So,  the  present  analysis 
verifies  the  Flynn's  study  results. 

Evaluation.     Here,  if  people  rank  a  lighting  condition,  high  for 
evaluation,  it  means  that  the  particular  lighting  condition  is  preferred. 
Three  semantic  scales,  "tense-related",  "uninteresting-interesting"  and 
"unpleasant-pleasant",  have  high  loadings  in  this  factor.     All  these 
semantic  scales  were  picked  up  from  Flynn's  study,  under  evaluation  factor. 
This  clearly  verifies  the  Flynn's  study  results. 

Spaciousness.     If  a  lighting  conditions  gets  a  high  spacious  effect, 
this  means  that  people  rank  that  particular  lighting  condition,  high,  as 
long  and  large.     Two  semantic  scales,  "short-long"  and  "small-large", 
have  high  loadings  in  this  factor.     The  above  two  scales  were  also  taken 
from  Flynn's  study.     Originally,  a  third  semantic  scale,  "cramped-spacious" 
was  also  taken  for  the  present  investigation  from  Flynn's  study  to  measure 
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spaciousness.  However,  this  third  scale  did  not  have  a  high  enough  loading 
to  be  included  under  any  one  of  the  four  factors  in  this  study.  The  reason 
could  be  that  the  subjects  did  not  understand  the  relevance  of  the  terms 
"cramped"  and  "spacious"  in  the  present  study  and  so,  did  not  react  to  it 
properly. 

Color.  If  people  rank  a  lighting  condition  as  warm,  it  means  that 
the  lighting  condition  is  preferred  for  its  warm  color.  But,  if  a  lighting 
condition  is  ranked  high  for  its  cool  effect,  then  it  means  that  the  lighting 
condition  is  preferred  for  its  cool,  daylight  color.  Only  one  semantic 
scale  "warm-cool",  in  this  factor,  had  a  substantial  loading.  Another 
semantic  scale  "cloudy-sunny",  was  also  expected  to  be  present  in  this 
factor.  But  people  reacted  to  the  above  scale  primarily  under  the  clarity 
factor.  This  is  a  slight  deviation  from  the  expected  factor  results. 

HThe  identification  of  the  above  factors,  as  a  result  of  the  factor 
analysis,  very   closely  verifies  the  factors  emerged  in  the  Flynn's  study*. 
Flynn  used  an  actual  conference  room  in  his  investigation  and  in  the 
present  study,  a  scale  model  of  a  living  and  waiting  rooms  was  used.  This 
clearly  suggests  that  the  factors  do  not  depend  on  the  environment  (type 
of  room,  whether  it  is  a  real  one  or  simulated),  but  do  have  some  broader 
meaning. J 

Room  Effects 

Analysis  of  variance  was  carried  out  for  each  factor,  to  find  the 
significant  differences  within  room  types  and  their  interaction  with  light 
sources  types.  The  analysis  showed  that  there  was  no  overall  effect  of 
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room  types  and  their  interactions  with  light  source  types  on  the  subjective 
responses.  This  is  contradictory  to  the  hypothesis  that  there  is  an  effect 
of  room  type.  It  could  be  that  even  though  the  subjects  were  informed  about 
the  room  type  before  the  experiment,  (giving  room  or  waiting  room),  they 
did  not  consider  it  in  their  evaluation.  Further,  the  miniature  scale 
model  may  not  have  brought  this  to  the  attention  of  the  subjects  as  a  full- 
scale  environment  might.  It  could  also  be,  due  to  the  fact  that  each  sub- 
ject was  told  of  only  one  situation  (living  room  or  waiting  room),  and  so 
the  subject's  preconceptions  about  room  types  had  little  effect. 

Lighting  Effects 

The  analysis  of  variance  for  all  the  four  factors,  showed  that  there 
was  no  overall  effect  of  source  types  and  their  interaction  with  room  types. 
This  is  also  contradictory  to  the  hypothesis  that  there  is  an  effect  of  source 
type.  It  could  be  that  in  this  experiment,  since  the  subjects  were  not  told 
about  the  presence  of  different  light  sources  and  since  the  subjects  were 
exposed  to  only  one  type  of  light  source,  they  did  not  consider  their  presence 
in  the  evaluations.  Further,  both  the  light  sources  could  be  appropriate 
in  both  the  living  room  and  waiting  room  situations.  Another  possible 
reason  might  be  that  both  the  light  sources  were  preferred  equally  for  the 
recessed  (only)  fixtures  used  in  this  study. 

Pattern  Effects 


The  analysis  showed  that  there  was  an  overall  effect  of  luminaire 
patterns.  The  pattern  number,  its  description  and  the  number  of  luminaires 
for  all  the  four  luminaire  patterns  are  shown  below. 
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Pattern 

No. 

Description 

1 

Rectangular  non-uniform 

2 

Rectangular  uniform 

3 

Circular  non-uniform 

4 

Circular  uniform 

No.  of  Luminal" res 

4 

8 

8 

20 

Duncan's  test  revealed  the  following  information  for  all   the  four  factors. 

The  circular-uniform  luminal' re  pattern  has  the  highest  mean  and 
rectangular  non-uniform  pattern  has  the  lowest,  for  the  clarity  factor. 
It  could  be  due  to  the  presence  of  higher  number  of  luminaires   (20),  in 
the  case  of  circular-uniform  luminaire  pattern  and  lower  number  of  lumin- 
aires  (4),  in  the  case  of  rectangular  non-uniform  luminaire  pattern  (It 
might  be  that  a  lighted  space  looks  brighter,  when  large  number  of  lumin- 
aires are  used).     A  two  tail   t  test  also  showed  that  the  circular  uniform 
luminaire  pattern  was  preferred  to  achieve  higher  clarity.     This  is  con- 
trary to  the  second  hypothesis  that  rectangular  uniform  pattern  would  be 
preferred  for  clarity  (not  considering  room  and  light  source  effects). 

The  circular-uniform  luminaire  pattern  has  the  lowest  mean  compared 
with  the  other  three  luminaire  patterns  for  the  evaluation  factor.     This 
is  in  agreement  with  a  common  negative  aesthetic  reaction  of  people  to  a 
large  number  of  regular  arrays  of  luminaire  fixtures  of  a  given  room. 
The  circular  non-uniform  luminaire  pattern  has  the  highest  mean  of  all 
the  patterns.     This  is  in  agreement  with  the  first  hypothesis  that  circular 
non-uniform  luminaire  pattern  would  be  judged  more  pleasant  (not  considering 
room  and  light  source  effects).     A  two  tail   t  test  showed  that  there  was 
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a  difference  in  the  preferences  for  rectangular  and  circular  luminaire 
patterns.  This  verifies  the  third  hypothesis  (not  considering  the 
room  and  light  source  effects). 

The  rectangular  non-uniform  luminaire  pattern  has  the  highest  mean 
and  the  circular  uniform  luminaire  pattern  has  the  lowest  mean  for  the 
spaciousness  factor.  This  suggests  that  the  former  pattern  gives  more 
spacious  feeling  to  a  given  room  and  the  latter. pattern  gives  the  least. 
A  two  tail  t  test  reveals  that  rectangular  luminaire  patterns  are  pre- 
ferred over  circular  luminaire  paterns  for  the  spaciousness  factor.  But 
it  also  suggests  that  uniform  and  non-uniform  luminaire  patterns  are  equally 
preferred. 

The  rectangular  uniform  luminaire  pattern  was  preferred  to  give  cool 
environment  and  circular  non-uniform  luminaire  pattern  was  preferred  to 
give  warm  environment,  to  a  given  room  situation.  A  two  tail  t  test 
also  revealed  the  same  results. 

Implications 

The  analysis  of  the  data  showed  that  there  were  no  overall  effects  of 
room  type  and  light  source  types  on  the  subjective  reactions.  The  reasons 
were  explained  previously.  But  the  analysis  also  showed  that  luminaire 
patterns  affected  the  subjective  responses  differently.  It  could  be  that 
people  might  have  preferred  some  luminaire  patterns  differently  over  the 
others  in  different  conditions.  Further,  it  could  also  be  that  change  of 
luminaire  patterns  during  the  experiment  might  have  brought  the  attention 
of  the  subjects  towards  the  ceiling  and  thus  caused  them  to  react  differently 
So,  future  research  in  this  area,  using  scale  models  can  be  conducted  to 
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obtain  completely  unbiased  subjective  responses  by  exposing  each  subject 
to  only  one  luminaire  pattern  under  a  particular  light  source  for  a  par- 
ticular room  situation.     It  could  help  getting  responses  to  only  the  physical 
effects  of  a  situation  rather  than  the  general   beliefs  about  these. 

The  analysis  suggests  that  circular  uniform  luminaire  patterns  should  be 
used  to  achieve  higher  clarity.     But,  for  pleasantness  circular  non-uniform 
luminaire  patterns  are  preferred.     To  achieve  spaciousness,  rectangular  non- 
uniform luminaire  patterns  should  be  considered.     Lastly,  to  achieve  cool 
environment,  rectangular  uniform  luminaire  patterns  and  for  warm  and  candle 
light  environment  circular  non-uniform  luminaire  patterns  should  be  used. 
These  results  could  be  of  help  to  the  interior  designers  and  lighting 
engineers  who  try  to  design  and  incorporate  lighting  environments,  which 
suit  the  individual   tastes.     All   in  all,  by  observing  the  results  obtained 
in  this  study,  it  is  obvious  that  quite  a  few  interior  lighting  design  de- 
cisions can  be  made  at  lower  costs  using  scale  models  rather  than  real 
full-scale  environments. 
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CONCLUSIONS 

1.  Four  factors  which  emerged  as  a  result  of  the  factor  analysis, 
closely  verify  the  Flynn's  study  results.     The  factors  are  clarity,  evalu- 
ation, spaciousness  and  color. 

2.  There  was  no  overall  effect  of  room  and  source  types  on  the  sub- 
jective reactions. 

3.  The  circular  uniform  luminaire  pattern  produced  highest  clarity. 
The  circular  non-uniform  luminaire  pattern  was  the  most  preferred.     To 
achieve  spaciousness,   the  rectangular  non-uniform  luminaire  pattern  was 
superior.     The  rectangular  uniform  luminaire  pattern  was  best  to  achieve 

a  cool  environment  and  the  circular  non-uniform  luminaire  pattern  was  best 
to  achieve  a  warm  environment. 

4.  Further  research  can  be  done  as  a  continuation  of  the  present 
study,  with  a  greater  number  of  subjects,  to  obtain  completely  independent 
subjective  responses,  by  exposing  each  subject  to  only  one  luminaire  pattern 
under  a  particular  light  source  for  a  particular  room  situation. 
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APPENDIX  -  I 
SUBJECTIVE  RATINGS 
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APPENDIX  II 
DESCRIPTION  OF  SYMBOLS 
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Semantic  Scales 

Rl  -  "Unpleasant  -  Pleasant" 

R2  -  "Cool  -  Warm" 

R3  -  "Vague  -  Distinct" 

R4  -  "Short  -  Long" 

R5  -  "Cloudy  -  Sunny" 

R6  -  "Small  -  Large" 

R7  -  "Tense  -  Relaxed" 

R8  -  "Cramped  -  Spacious" 

R9  -  "Hazy  -  Clear" 

RIO  -  "Monotonous  -  Interesting" 

Rll  -  "Dim  -  Bright" 


Factors 


Factor  1  -  CLARITY 

Factor  2  -  EVALUATION 

Factor  3  -  SPACIOUSNESS 

Factor  4  -  COLOR 


General 


R  -  Room  type 
S  -  Light  source  type 
P  -  Luminaire  pattern  type 
ID  -   Individuals 
OBS  -  Observations 
L  -  Living  room 
W  -  Waiting  room 

1  -  Incandescent  light  source 
F  -  Fluorescent  light  source 

>     1   -  Rectangular  Non-uniform  luminaire  pattern 

2  -  Rectangular  Uniform  luminaire  pattern 

3  -   Circular  Non-uniform  luminaire  pattern 

4  -  Circular  uniform  luminaire  pattern 
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ABSTRACT 

The  main  objective  of  this  study  was  to  find  out  subjective  reactions 
to  a  space,  in  particular  the  aesthetic  pleasantness  of  certain  lighting 
variations  using  a  scale  model  for  different  room  types. 

Two  scale  models  of  a  room,  each  20"  x  12"  x  8"  were  made  to  the  scale 
of  one  inch  equals  to  one  foot.  Sixteen  lighting  conditions  (four  ceiling 
luminaire  patterns,  under  two  light  sources  for  two  types  of  rooms)  were 
considered  in  this  experiment.  Each  subject  was  exposed  to  four  ceiling 
luminaire  patterns  under  one  of  the  light  sources  for  one  of  the  room 
types.  A  total  of  60  subjects  evaluated  the  lighting  conditions,  each  on 
a  set  of  eleven  semantic  scales. 

The  data  was  factor  analyzed  and  four  factors,  clarity,  evaluation, 
spaciousness  and  color,  emerged  as  a  result  of  the  analysis.  Further 
analysis  showed  that  there  was  no  overall  effect  of  room  and  source  types 
on  the  subjective  reactions.  But,  ceiling  luminaire  patterns  did  effect 
the  subjective  reactions  significantly. 

The  circular  uniform  luminaire  pattern  was  considered  the  best,  to 
achieve  clarity.  But  the  circular  non-uniform  luminaire  pattern  was 
evaluated  highest  for  pleasantness.  The  rectangular  non-uniform  luminaire 
pattern  was  chosen  to  achieve  spaciousness.  The  rectangular  uniform 
luminaire  pattern  was  considered  to  achieve  cool  environment.  But  the 
circular  non-uniform  luminaire  pattern  was  chosen  to  achieve  warm  environment. 


